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ABSTRACT 


This study presents three models by which ene total procurement 
cost of Destroyer and Destroyer Escorts may be estimated. One model 
utilizes 9 subsystem costs estimating relationships (CERs) to obtain 
a total cost estimate; the second model utilizes 4 subsystem CERs; 
the final model is a single total cost equation. The CERs were 
developed using the linear least squares regression technique on a 
data base of ships built from 1954-66. The CERs utilize input 
variables that may be determined long before actual ship construction 
begins. This fact, and the precision of the model estimates, recommend 
usage of these models in cost-effectiveness analysis. The Patrol 
Frigate is utilized as a sample application, wherein model estimates 
compare favorably with the current NAVSHIPS cost estimates. This study 
uses the data base from Resource Management Corporation Report CR-058, 


The Navships Cost Model, and critiques that report. 
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I. INTRODUCTION 


The problem of estimating the SOC ene of major weapens 
systems is particularly important at the present time. The adoption 
and wide use of cost-effectiveness as a tool of systems analysis has 
made necessary the development of cost estimating techniques that demand 
input data of far less than detailed engineering design quality and 
that produce estimates of relatively good quality. The major use of 
this type estimate is in comparing the relative cost of various 
weapons systems competing as alternatives in a specified mission area. 
Once the decision has been made to continue into the advanced design 
phase on a given weapons system, the use of cost estimates changes. 
a 

The major usage now becomes one of planning, programming and budgeting 
money to the selected mitamier ite weapons system for development and 
construction. The cost estimates required at this state of procure- 
ment must of necessity be more precise and thus require a refinement 
Gemene input data. 

The general objective of this paper is to present several models 
by which destroyer procurement costs might be estimated with a 
precision acceptable in cost-effectiveness studies. The input data 
required by these estimating models could be supplied during the 
concept definition stage of procurement, making the models useful as 
estimating tools from the onset of the project. During ship develop- 
ment, the input data is refined as the project takes shape. As the 
input data is more accurately defined, the cost estimate becomes more 


— 
precise. However, due to the inherent statistical discrepancies of 





the models developed, the cost estimate will always retain a degree 
of a Thus the estimate must always be associated with a 
measure of precision ~ variance. Because of the techniques utilized 
in the development of these models, it is not expected that model 
precision will ever approach that required for fiscal planning. However, 
the usefulness of certain input parameters as cost predictors could be 
verified, thereby indicating logical directions for further effort. 
Therefore, the usefulness of the models developed in this paper is 
logically confined to the phases of procurement prior to detailed 
engineering design. The models should support the ccncept development 
phase as cost-effectiveness tools. 
It should be noted that the methods, results and conclusions 


presented in this thesis are unclassified. However, some of the 


Piweamebers listed For -specitic dectmaver type ships=in the Data Base, 





Appendix H, are classified CONFIDENTIAL. Therefore, this Appendix 


has been published as a separate document. 


A. NAVAL SHIP CONSTRUCTION COSTS 
Naval ships may be thought of as major weapons systems consisting 
of numerous subsystems ia 
hull structure 
propulsion plant mA 
crew support facilities 


sensor systems 


weapons and fire control systems. 


One method utilized to predict construction costs involves the 


estimation of construction costs for each subsystem which, when 





aggregated, form the total system cost. The CODE SHIP MODEL [1] 
developed by the Center for Naval Analyses (CNA) is essentially of 

this type. Another type of cost model involves the estimation of 
procurement cost as a function of the ship's Sa characteristics, 
i. e., maximum speed, type of weapons and sensors, endurance range, 

etc. CNA has adapted this technique to their ESCORT SHIP COST MODEL 
(ESCOMO) [2] which is currently under development. 

The NAVSHIPS COST MODEL developed by the Resource Management 
Corporation (RMC) under contract to the Naval Ship Systems Command and 
published in January of 1969 as RMC Report CR-058, The Navships Cost 
Model (YU), classified CONFIDENTIAL [3], is of the first type discussed. 


Within this model, subsystem costs are based on linear cost-estimating 


relationships (CERs )developed from past ship construction data. 


B. RMC REPORT CR-058 

This report details the work done by RMC in developing the NAV- 
SHIPS COST MODEL for estimating the cost of new construction ships 
in civilian shipyards (as opposed to government-owned shipyards). 
The project entailed. two distinct phases: 

1. Collection and review of historical data on ship construction 
costs for a 13-year period (1954-1966) which led to the 
development of CERs to predict cost as a function of ships' 
Characreciiet ices. 

2. Development of computer models to: 

a. Update and adjust the data base. 


b. Predict total cost as”a function of the CkRks developed. 
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RMC employed tne linear least squares regression technique to develop 
CERs from the historical data base for each ship subsystem. The total 
cost of the ship was defined as the summation of these subsystem costs 
(basic contract cost) plus the cost of electronics, weapons and mis- 
cellaneous items, added after completion of basic ship construction 
(end—cost items). 
1. Basic Contract Cost 

“Wilnne contractor bids, as amended by negotiation, were used 
in the data base to compute basic contract CERs. RMC utilized two 
different approaches in deriving CERg from the 13-year data base. 
The first approach consisted of a stratification of the data into six 
groups according to ship type, as follows: 

as alecrabiwcarrier 

b. destroyer 

c. submarine 

Geaux tliary 

e. amphibious 

f. patrol/minesweeping 

The basic wencrace costs of each subsystem were then utilized 
as dependent variables for which CERs were deveioped, one for each 
of the following subsystems: 

ay “Small 

b. prepulsion 

c. electrical 

d. communication and control (C&C) 

e. auxiliaries 


Poult tLe 


AU 





2. armament 

h. design and engineering 

i. construction services. 

The summation of these nine cost categories plus profit and overhead 
was defined as basic contract cost. Thus, nine CERs were developed 
for each of the six ship types examined, for a total of 54 CERs. The 
nine basic contract cost categories are described in more detail in 
Appendix 2. 

The second approach treated the data as an aggregate; i. e., 
Umstratified accordimg to ship type. In addition, RMC found it 
necessary to condense the original 9-subsystem cost groups into 
4-—subsystem cost groups, due to significant differences between 
contractors concerning which cost was included under a sub-system 
heading. The four condensed sub-system cost categories included: 


a. hull-group 


hull, design and engineering, 
construction services 
b. propulsion group : propulsion, auxiliary 


c. armament group armament, electrical, 


ee 


communication and control 
ad. ‘emeritting we ouctittane 
Thus, within this approach, a single CER was developed in each of 


the four areas listed above to apply to all nine naval ship~-types, for 


mmeotal of 4 CERs. 
Zz. ina Costs 


The source of end cost data employed by RMC was the NAVSHIPS 
records of Shipbuilding and Conversion, Navy (SCN) fund. Navships 


Hardcore Cost was subsequently defined as Basic Contract Cost plus 


eA 





Miscellaneous End Costs and Electronics End Costs. The Total End Cost 
then became Navships Hardcore Cost plus Weapons End Cost. CERs were 
developed from the data base for predicting Total End Cost and Miscella- 
neous End Cost. No CERs were developed for Electronics or Weapons End 
Costs. Again, a separate CER was developed for each of the six different 
ship types. The end cost categories are described in more detail in 
Appendix E. 
Be Cost Model 
Table I summarizes the cost models employed within the RMC 
Study. These alternatives represent different methods of achieving a 
Goeal cost prediction. 
4. Ships' Characteristics as Independent Variables 
The development of CERs to predict ship construction costs 
requires the use of numerous ships' characteristics to serve as 
independent variables inthe regression analysis. The variables 
utilized by RMC for this purpose were obtained from various sources, 
aneiuding: 
a. Naval Vessel Register /Ships Data eee 


b. Navy Materials Annex/Weapons Dictionary 


c. Weight Control books 

d. Contractor's accepted estimates 
\ 

e. ( Navy contract design estimates. 


These variables generally consisted of characteristics that could be 


estimated long before ship construction began, such as: 


lis 





ABLE 1 


RMC METHOD FOR COMPUTATION OF COST ELEMENTS 


Cost Element 


9 groups of 


meere Contrac! 
Profit = Sum gps (1-9) 


Brot it Profit = (Sum of gps 1-9) 
x 07 


Basic Contract} BC = Sum gps (1-9) + Profit BC = Sum gps (1-9) + 









No options. These cost elements are always estimated 
with the CERs. 
bf Pxroiwe 2 is Supplmed. 

















ii Prorat “as snot 
Supplied: 












Pete opeaets 
If Blectronies Cost ais . If Electronics Cost is 
Supplied: — not Supplied: 
Electronics ELEC = Supplied Value REEG = HC=bC-mMiese 


MISG = (Predicted Valuc Misc Predicted Value 
unless BCt+MISC>HC, 
then MISC = HC-—BC 


Miscellaneous 





NAVSHIPS 


Hardcore HG: = BC + MISC +onRe HC = Predicted Value 
If Weapons Cost is If Weapons Cost is not 
Supple, Supplied: 
aa ee ee 
Weapons WEAP = Supplied Value WEAP = Predicted TEC-HC| 









Wetal End Cost 


TEC = HC + WEAP TEC = HC + WEAP | 


In all cases: 
Basic Contract=Sum of Groups (1-9) + Profit 


Total NAVSHIPS Hardcore = Basic Contract + Miscellaneous 
+ Electronics 


Total End Cost = Total NAVSHIPS Hardcore + Weapons 
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a. Subsystem weights: armament, electrical, propulsion, 
C&C, auxiliary, outfitting, hull, light ship weight 
CLS@)4eetes 

b. Performance specifications: maximum shaft horsepower 
(SHP), maximum speed, endurance range, total kilowatt (KW) 
Capacity, etc, 

c. Payload specifications: number of missile launchers, 
number of generators, complement, etc. 

A complete listing of all the characteristics included in the data base 


by RMC may be found in Appendix C. 


freee tHtotS OBJECTIVES 

The general objective was to develop a model for the prediction of. 
the total procurement cost of destroyer type naval ships that increases 
in precision as input data is refined and attains a level of quality 
acceptable in cost-effectiveness studies, The thesis was limited to 
destroyer type ships in alee to reduce the scope of the problem and 
also because of the authors’ familiarity with this type ship. 

Specific objectives: 

1. In analyzing the RMC study numerous deficiencies were noted 
and are discussed in detail within Section ae The first objective 
was to correct these deficiencies. In addition, certain convenient 
Plterations to the RMC model were made because the emphasis ors Unis 
paper is upon the prediction of total cost rather than-the identification 
©: Basic Contract Cost and separate End Costs. For tinis veason the 
Fnd Cost data was aggregated with the Basic Contract Cost data as 


tollows: 


a. Electronics End Cost was added to Command and Control 
Cost. 
b. Weapons End Cost was added to Armament Cost 
c. Miscellaneous End Cost was added to Construction Services 
Cost 
2. Another initial change to the RMC approach involved the 
establishment of two data bases from the single destroyer data base 
used by RMC. DLG type ships have often been associated with different 
operational missions than DD, DE, DDG or DEG type ships, and obviously 
have a larger displacement. To determine whether these factors preved 
Significant in the estimation cf total cost for smaller destroyer type 
ships, two data bases were utilized wherein: 
a. The general data base includes all DD, DDG, DLG, DEG and 
DE type ships. 
b. The escort data includes all destroyer type ships with the 
exception of DLG ship types. 
Thus, as each alternative model for total cost estimation was developed, 
it was developed using two data bases, one a subset of the other. This 
provided a oe peibe Teles to examine Statistical results and test the 
hypothesis that DLG type ships are not strictly of the same class as 
escort ae 
3. Three models were to be examined using each data base. The 
first model was essentially the same as employed by RMC, but included 
End Cost data in the nine subsystem costs. The second model was an 
aggregation of these nine subsystem costs into four subsystem cost 
categories, as defined in Section III. The last model was a single 


cost estimation equation. The primary criteria for comparing the 
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predictive value of these models was the estimate of variance 
associated with each model. This estimate of variance was to be 
derived in two different ways, as discussed in Section IV. This 
procedure was empjioyed to permit a test of the hypothesis that the 
models are not essentially different in their individual predictive 
capabilities. 

4, The final objective associated with this paper was the estima- 
tion of total procurement cost of an escort or general destroyer type 
ship currently under development, and a comparison of these model 


predictions to the best estimate available within the Naval Ship 


Systems Command. 


dla 


IT. GREELOUn OP RG eo Up 


A. NUCLEAR DUMMY VARIABLE 

The RMC study made use of two dummy variables, NUC and DE-DEG, 
and one indicator variable, PROLSW. These variables are discontinuity 
variables taking on the following values: 

ime NUC; value of 1 if ship is nuclear, 0 if the ship is non- 
nuclear. 

2. DE-DEG: value of 1 if ship is DE or DEG, 0 if the ship is 
DD or DLG. 

3. PROLSW: value of light ship weight (LSW) if ship is a proto- 
type, 0 of ship is not a prototype. 
The technique of dummy and indicator variables can be very useful in 
explaining additional costs associated with only a portion of the 
ships in the data base. 

However, the RMC study had only one nuclear powered ship, 
DLGN-36, in its destroyer data base while the dummy variable NUC was 
found in five of the nine bid cost group CERs. Utilizing this 
variable assured that for each of these five CERs, the predicted cost 
of a nuclear powered ship fell precisely on nie observed cost and 
thereby tending to increase the value of the coefficient of determina- 
tion, R2, for the CER in a questionable manner. Since there was only 
one data point, it would have seemed more reasonable to disregard it 
and to develop CERs for non-nuclear powered ships, rather than develop 
a general equation for both nuclear and non-nuclear powered ships. As 
more data on the costs of nuclear powered ships becomes available, 


CERs can be developed separately. 
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TABLE IL 


RMC 9-GROUP BASIC CONTRACT COST-ESTIMATING RELATIONSHIPS: DESTROYERS 


(mil oOnseen eco. lars) 


Hull Cost 

CER: Y = -0.870 + 0.00144 HULWGT + 3.794 NUC + 22.652 AR/LSW 
Propulsion Cost 

Cok: Y = 2.090 + 0.00640 PROWEr + 17.46% NUC — 0.0790 SERiEG 
lectracal Cost 

CER: Y = 0.134 0.283 GEN + 0700350 ELEVGR - 2. 3705NuC 
Communication and Control Cost 

Chkts Y = 0.237 4 ©. 00301 Cacucr - I sigaiue 


Auxiliary Cost 
CER: Y = 0.09582 -+- 0.00176 PROWGT + 0.00295 AUXWGT 


Outfitting Cost 

CER: Y = 0.150 + 0.00544 OUTWGT 
Armament Cost 

CER; “Y= -1.453 + 0.0068 ARMVGI 4+ Ieiol BENEG _ 
Design and Engineering Cost 

CER: Y = -1.0520 + 0.00667 ARMWGT + 0.00156 PROLSW 
Construction Services Cost 


Coke. = = URUnUS - BCOOZFimeeon Lae UC 
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Therefore, it was decided to delete this onesyueiear data point 
from the data base and to develop CERs for only non-nuclear powered 
Ships, Thus, it was necessary to develop new regression equations for 
the five CERs which originally used the dummy variable NUC. A complete 
listing of the nine RMC CERs appears in Table II. The precise defini- 
tion of each independent variable employed by RMC can be found in 


Appendix C. 


B. INDEPENDENT VARIABLES 

The selection of independent variables to be utilized as cost 
predictors in various CERs should be based upon several standard 
criteria. The statistical tool used in the CER analysis was multiple 
linear regression. This technique produces more precise estimates in 
situations where there is low intercorrelation among the explanatory 
variables. High intercorrelation among the explanatory variables 
yields large variances for their coefficients and therefore imprecise 
estimates of them. This concept is explained in more detail in 
{Ref. 4, p. 179]. The RMC study generally considered correlation 
coefficients of less than 0.6 to be acceptable. 

Another valid requirement asserts that each independent variable 
Siewld exhibit, subjectively, a logical ee ee relationship with 
cost. For example, the use of the independent variable NO-GEN, 
representing the number of main electrical generators, in the electrical 
cost CER appears subjectively logical because the addition of another 
generator to the electrical plant should increase the total electrical 


cost. 
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In three of the CERs developed by RMC, these criteria seem to 
have been disregarded. The auxiliary CER was developed with two 
highly intercorrelated explanatory variables, PROWGT (propulsion 
weight) and AUXWGT (auxiliary weight). The high intercorrelation 
(correlation coefficient =.78) between these two variables is not 
surprising since the auxiliary system provides support for the 
propulsion plant as well as the rest of the ship. It would be concept- 
ually possible to design a ship with a large propulsion plant and only 
a minor auxiliary system, but empirically this is not the case. In 
fact, empirical data suggests that it would be difficult to believe that 
these two variables are not highly inter-dependent. 

The variable, DE-DEG, was utilized within the RMC armament 
CER to indicate whether a ship was a DE or DEG. If the ship was a 
DE-DEG, then this variable took the value one, while ali other ship 
types assumed a DE-DEG value of zero. Used in this manner with a 
positive coefficient, the inclusion of DE-DEG is extremely counter- 
intuitive. Logically the cost of DE-DEG armament should be lower 
than other ship types. Given a constant armament weight in the equation, 
ARMAMENT COST = a + b (ARMWGT) + c (DE-DEG), the implication is 
made that it costs more to arm a DE or DEG than a DLG, with the same 
armament weight. It is not obvious why this would be true and 
no further discussion was offered within the RMC study to support this 
concept. 

Finally, the RMC study utilized SERIES as an explanatory variable 
in the auxiliary CER. To construct the SERIES variable, RMC 
separated the destroyer observations into three groups: (1) DD and 
POG) DE ana DEG, and (3) DLG and DLGN]) Within eaem of these 


three groups, arbitrary numbers were assigned to each ship based 
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upon its ralative completion date within the group. The logic of this 
type ordering is not thoroughly documented in the study nor does it 
appear reasonable to utilize such a variable, especially when the 
explanatory variables are to be input oriented. It would be 
impossible to create such an ordering until all ships were completed - 
and then all predictive value of this CER is lost. 

The criticisms presented above suggested the development of 


three new CERs utilizing other variables. 


C. STATISTICAL INFORMATION 

A final criticism of this study arises in the exclusionof significant 
Statistical information from the published study. First, no reference 
is made as to the relative independence of two or more explanatory 
Variables utilized in a given CER. Secondly, the exclusion of Favalues 
and t-values for each CER or independent variable, respectively, 
detracts from the credibility of the study. However, it should be noted 
that upon investigation, each variable was found statistically sig- 
Heeteante utilizing a .O5 confidence level and each equation was verified 
using an F test at the same level of confidence. Finally, there was 
no mention within this study of any analysis of residuals based on 
scatter plots or normalized residual plots. The verification of the 
normality assumptions of the linear least squares regression technique 
aud the identification of any significant outliers could have been 


accomplished had these methods been used. 
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III. DATA BASE 


One significant point should be addressed before proceeding 
Mumener. it is understood that the use of contractor bid data for 
predictive purposes is not an optimal procedure. It would be much 
more desirable to utilize actual ship construction costs if these costs 
were available. However, this is not the case. During the period 
from which this data was collected (1954-1966), cost accounting 
systems differed greatly among the various contractors and NAVSHIPS, 
making it virtually impossible to-obtain data on a wniform level of 
aggregation and in a manner Suitable for the objectives of this thesis. 
In addition, bid costs are really prices in the shipbuilding industry 
and are thus subject to price fluctuation. Some types of ships can 
only be built by certain shipyards due to the required level of expertise 
in electronics or weapons systems, for example. The bids on these 
ships could reflect a "monopoly" effect. Some shipyards are fully 
employed in the building of both naval and commercial ships. These 
shipyards might have a lower overhead, and thus produce lower bid prices, 
than shipyards that were not operating at full capacity. Thus, bid 
costs an be affected by many variables, some of which are not 
directly concerned with the construction costs of a specific ship. 

However, contractor bid data is the most meaningful data avail- 
able for the period under study (1954-1966). Using this data at 
least allows a preliminary effort to be made in deciding which 
ship's characteristics determine construction costs and within what 


limits of accuracy these estimates might fall. 
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The cost data utilized in the RMC study consists of contractor 
bid data and end cost data, the sources of which have been discussed 
earlier. The study presents a listing of this cost data in its raw form 
and a similar listing wherein the raw data has been adjusted for tem- 
poral and learning effects. The adjustments made to the raw data 


are discussed below. 


A. DATA ADJUSTMENTS 
= Bid Cost Data 

Contractor raw bid data was adjusted in four specific 
ways to remove cost variations due to other than ships’ characteristics, 
as follows: 

a. learning effect, 

b. temporal effect, 

c. installation of government furnished equipment, and 

d. cost of plans from external sources. 

The learning effect implies that the cost of ship construction 
decreases progressively with each ship in a procurement lot. This 


effect may be stated mathematically as follows: 


ii axb 
where  y = average cost of X ships 
a = unit cost of lead ship 
X = total number of ships in procurement lot 
b = learning coefficient 
The information necessary to adjust for the learning effect, was 
derived from NAVSHIPS FORM 4282.2, UNIT PRICE ANALYSIS —- BASIC 


CONSTRUCTION, which lists contractor estimates for the nine different 


construction cost groups, subdivided into three categories: direct 
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labor, direct material, and overhead costs. Utilizing a data base 
69210 ships of all types (DD, MOO ICC yoo wtc.), for which 

19 bids were for 4 or more ship ~ lots, 73 bids for 3 ship-lots, and 
118 bids for 2 ship~<lots, an overall average iearning curve slope 

was determined for all ship types to apply to labor hours and material 
dollars for each of the 9 basic contract groups. The overall average 
learning curve slopes are listed in Table III, and represent the 
percentage change in average cost that results from a doubling of the 
quantity produced. Thus, the relationship between the slope, s, 

ama the learning coefficient, b, is: 


log s = b log 2 
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TABLE ITT 


BID DATA LEARNING CURVE SLOPES 


Labor . Materiel Total Cost 
Cost Groups 1 - 7, 9: mean 95.4 98.5 Bey 2 
standard deviation 3.4 1,4 sg 
Cost Group 8: mean oS, 65.9 os 
standard deviation | ae) Loe P36 


Note that cost group 8, design and engineering, is listed separately 
Since its average slope was significantly different from those of the 
other cost groups. Also, the values of standard deviation for the 
GOst groups merit examination. Even a 3%4change in the cost of a $30 
million ship results in about a $1 million difference. In cost group 8 
the standard deviations are much larger, but the group cost is in the 
range of $.1 to $1.9 million with the exception of three destroyer 
type Pais fiat have groups’ costsuin Phe srancesotees oo toms lie ema leeone 
Thus, using average learning curve slopes to adjust bid data can 
mesult in significant errors. 

Temporal effect refers to the variation of prices, productivity 
and wages over time. The RMC data base included construction data 
from 1954 to 1966. To remove the temporal effects inherent in this 
data, 1965 was chosen as the base year, and all data from other 
years was adjusted to the base year by means of standard shipbuilding 
industry indices for prices, productivity and wages. 

The installation of government furnished equipment by the 
contractor required significant adjustments, especially in the prop- 


ulsion category. To achieve consistency, the cost to the government 
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of government furnished equipment (GFE) was added to the appropriate 
cost group since the contractor's bid represented only the cost of 
jaetallation and not the cost of the CFE. 

The cost of plans supplied to the builder from an external 
source was added to cost group 8, design and engineering. Again, 
this was done to achieve an accurate and consistent cost breakdown. 

The order in which these adjustments were made to the data 
was as follows: 

1. application of the learning curves produced data 

representing unit one costs; 

2. adjustments, using 1965 indices, produced data 

representing unit one costs in 1965 dollars; and 

3. addition of the cost of GFE and plans, produced 

data representing all basic contract costs, on a con- 
sistent level, as unit one costs in 1965 dollars. 

In most cases these adjustments involved relatively small 
dollar differences between raw and adjusted data. However, the 
following adjustments superficially appear large and somewhat 
inconsistent: . 

a. DLG-6. Bees ieee cost was adjusted from $4.28 
to. SO-0 /simllacncmemdebasic Contract Cost rose 
£ romney we Gone oe cena ons. 

b. DLG-16. Design and engineering was adjusted from 
Sind SetowSli456nil lions and Basics Cont racrmcost 
increased from $26.8 millions to $38.37 millions. 

c. DLG-26. Design and engineering was adjusted 
from 0.504 to S10 .46 millions andebaste, contract 


Costs imerccased trom 519.60 to o29.56°mLL lions. 
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No comment is made within the RMC study to indicate the 
reasons for such large adjustments. These adjustments may well be 
justified but, in each case noted above, these data points proved to be 
extreme outliers when utilized in regression analysis. A brief des- 
cription of these adjustments would have lent considerably more 
validity to these values. 
One further comment is necessary. The adjustment for 
learning effects was carried out in terms of inflated dollars since the 
temporal effects were treated after the learning adjustments. A 
reversal of this order of treatment would produce different final 
dollar values. An explanationconcerning the order of treatment would 
have been appropriate. 
2. End Cost. Data 
ead Cost Vata was adjusted in much the same way that Contractor 
Bid Data was adjusted. Three specific adjustments were made to the 
raw End Cost Data, as follows: 
a. Treatment for learning effect utilizing a slope of 
96.8 percent. 
b.GgAn adjustment for temporal effect based on general 
shipbuilding, electronics, and ordnance indices with 
1965 as the base year. 
c. An adjustment for nuclear technology with propulsion 
costs. This adjustment applied to only one ship 
(DLGN 36) and will not be discussed because that 
data was ultimately deleted from the data base 


for reasons that have been discussed ecariwer. 
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The three adjustments listed above provided small and con- 
sistent changes between raw and adjusted data, and were therefore 


accepted as reasonable. 


B. THESIS DATA BASE 

As indicated earlier, the adjusted values for Basic Bid and End 
Cost Data were accepted as a point of departure for this analysis of 
destroyer construction costs. However, one objective of this thesis 
was to examine Basic Bid and End Costs simultaneously. This required 
that each observation, or each ship, have complete information 
in both cost categories. Within the RMC study, Basic Bid Cost 
data was provided on 41 ships, and End Cost data on 90 ships. In 
matching the two cost categories against one another, ship-by-ship, 
4 ships were eliminated from the original 41 possible ships. The 
exclusion of the one nuclear-powered ship, DLGN-36, reduced the 


Thesis Data Base to 36 ships, as noted in Table IV. 


TABLE IV 
THESIS DATAW BASH SHES PES 


TYPE - BASIC BID & END COST DATA AVATLABLE 


DD 3 
DDG | 11 
DE Jab 
DEG Z. 
DLG -). 
TOTAL 36 ships 
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This breakdown of ship types in the ee base cannot be considered as 
a representation of the proportion of each type ship in either the 
current or future Navy. The general purpose destroyer (DD) is 
obviously underrepresented with only 3 ships in the data base. Thus, 
the data base could be considered as being biased toward guided 
limosale ships (22 out of 36 ships). There is no way to correct a 
possible bias except by attempting to use weighted average values 
(weight the average figures for each ship type by the proportion of that 
type in the current or proposed Navy) or selectively dropping some 
of the DDGs/DLGs to gain a more correct proportional representation. 
However, there are relatively few ships (36) in the data base, and 
average figures tend to eliminate possibly important differences 
among ships of the same class. Also, there is no really objective 
way to determine the proportional breakdown of ships in a future 
Navy. For these reasons, it was decided to use the data base as 
given, while recognizing a possible bias due to the number of ships 
of each type that it contains. The data base is not truly homogeneous 
since it contains five different types of ships. They are all bound 
together under the general heading of surface combatant ships. 
However, major Pe ferences exist, as follows: 

ie = general purpose destroyer; good shore gunfire 

support capability; ASW capability; poor AAW capability. 
2. DDG - general purpose destroyer with good gunfire 
support, ASW and AAW capabilities. 


3. DE -— ocean escort with good ASW capability only. 
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4. DEG -— ocean escort with good ASW and close in AAW 
capabilities. 
5. DLG — major fleet escort; extra communication and 
control equipment; good ASW and best AAW capabilities. 
It is obvious that a DE cannot perform all of the same missions that a 
DLG can perform. Even so, each data point is given the same weight_ 


memene data base. 


[c. DATA BASE STRATIFICATION AND COST GROUP MODELS 
The RMC study considered destroyer type ships as a single group. 
In reviewing the data, it was noted that some DLG type ships had 
significantly higher costs in the following areas: hull, outfitting, 
construction services, weapons end cost, and electronics end cost. 
In addition, as described in Section III B, the DLG type ship can 
be considered to have a different operational mission than the smaller, 
less expensive destroyer type ships. Thus, two basic data base 
stratification levels were examined: 
1. General Data Base: DD/DDG/DE/DEG/DLG 
Zz, EsS@erct Data Base: DD/DDG/DE/DEG 
Using both the data bases, CERs were developed using three 
ges yent methods of cost disaggregation schemes for each data base. 
To maintain order within the analysis, a coding system was adopted 
to label each CER. These codes appear in Table V. 
D. INDEPENDENT VARIABLES 
The me deena a data base contains, in addition to cost 
information, 41 physical characteristics for each ship in numerical 
form. These characteristics are essentially design parameters such 


as maximum speed, maximum draft, number of boilers, hull, armament, 
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TABLE V 


DATA BASE STRATIFICATION LEVELS AND COST GROUP MODELS 


MODELS B/C - 9 COST GROUP CERS 

Hull Cost 

Frepulsion Cost 

Electrical Cost 

Communication & Control + Electronics End Costs 
Auxiliary Cost 

Om@eritting Cost 

Armament + Weapons End Costs 

Design & Engineering Cost 


Construction Services + Miscellaneous End Costs 


MODELS D/E: - 4 COST GROUP CER 


Pase Cost = Hull + Outfitting 


Fngineering Cost = Propulsion + Electrical + Auxiliary 
Payload Cost = C & C + Armament + Electronics 
End Cost + Weapons End Cost 
motecruction Cost = D & E + Construction Services + 
Miscellaneous End Cost 
MODELS F/G -— TOTAL COST CER 


Total Cost = Summation of 9 Cost Groups 
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Level 


bell 


B-2 


D-4 


lei 


CER CODE 
General 


Escort 
Level 


C-4 
Cs 
C=6 
c=) 


G6 


E=3 


E-4 


Cel 





F 


@mbritting weights, etc.; es are listed in Appendix C. Almost 
nomaniormation is available within the RMG data base that would 
refer to mission capability or specific system capabilities. For 
instance, the specific types of radars, sonars, guns, missiles, ECM, 
NIDS or ASROC.systems are not listed nor are the characteristics 

of these systems included. Given sufficient time and resources, it 
might have been possible to obtain mission capability data for the 
Ships in the data base. However, lack of time precluded this effort. 
Thus, the study used the design parameters given in Appendix D, as 
independent variables in the CERs developed. Values of these para- 
meters for specific ships are contained in Appendix Hl, Data Base (U), 
classified CONFIDENTIAL, which has been published as a separate 


document. 
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LV. ANALYSIS 


Part A is a listing of six sets of CERs (one set for each of the 
three different models under each data base), plus a summary of 
Geweistical information relevant to each CER. Within Part B, a seneral 
discussion of independent variable selection criteria is followed by a 


detailed discussion concerning the development of each CER. 


A. RESULTS —- CERs AND STATISTICAL SUMMARIES 

The following tables present six different sets of CERsS - one set 
for each of the three models employing the general data base, and one 
set for each of the same three models snaneguile the reduced escort data 
base. Following each set of CERs is a summary of statistical informa- 
tion pertinent to that set of equations. 

The statistical information provided in these summaries consists 
of the following: 

> av The computed t-value for each variable of each CER is utilized 

Peetcst the etatistical Significance of tne cociiicient of that 
particular variable. The computed t-value should be greater than or 
Re to the tabled t--value to demonstrate the significance of the 
coefficient statistically. 

2. The tabled t-value is taken from standard Student-t tables, 
with a significance level of .95 and degrees of freedom equal to 
N-K-1, where N is the number of observations and K is the number of 


independent variables utilized in the entire CER. 
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3. The computed F-value is utilized to test the statistzeal 
significance of the entire CER and is merely the ratio of explained 
variance to unexplained variance (S*). The F-value should be greater 
than or equal to the tabled F-value to demonstrate the significance of 
eyementire CER statistically. 

4, The tabled F-value is taken from standard F tables, using a 
.999 significance level and N-K-l versus K degrees of freedom (df). 

5. R2, the coefficient of determination, is essentially a measure 
of goodness-of-fit of the regression equation to the data. A perfect 
fit with the data would be implied if R*% equals 1.0. By definition, 
R* is the ratio of explained sums of squares to total sums of squares. 

6. CV, the coefficient of variation, is a comparison between the 
dispersion of data points about the regression line, and the average 
or mean value of the dependent variable. The range of desired CV 
values would be 0.2 or less. | 

ve adit, degrees of freedom, represents, the number of observations 

santana Quy ud ae 
less the number of restrictions upon the observations. In this 


section df will always be computed as N-K-l. 
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B. DEVELOPMENT OF CERs 
1. Criteria for Selection of Indepencetes Varies 

The choice of independent variables to be employed in each 
CER was based upon several criteria: 

a. Each independent variable should denote a subjectively 
logical, causal relationship with cost. 

b. Each explanatory variable should exhibit a high degree 
SEystatistical independence (low intercorrelation) from all other 
explanatory variables used in the same CER. Correlation coefficients 
of less than 0.6 were considered acceptable in this study, since this 
value was used by RMC and appears reasonable. 

©. Each variable should, in fact, vary in value, sugvesting 
that the use of indicator variables be minimized. 

Feeiae Vertaole SNOULdsre Maurie cries tea, Int lyinee neler es 
value could be obtained with a high degree of certainty before ship 
construction began. For this reason, variables such as SERIES 
(described on page 110) and MOS (number of months between award date 
and completion date) were not used in the study. 

ee Lhe t-statistic of Cachovariable should prove sienit icant 
at the .95 confidence iene under proper assumptions of normality. 

f. Finally, the F-statistic of each CER should prove signi- 
Pieant at the .999 level. 

These confidence levels were chosen since the RMC study 


produced variables and equations which proved significant at these 


levels. 
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2. Methodology and Discussion of CLR Development 
Within the framework of the preceding selection criteria, 
numerous combinations of explanatory variables were regressed against 
both the general data base and the escort data base in order to develop 
CERs for the 9~group, 4-group, and single equation models. The 
resultant choices of explanatory variables will be presented separately 
for each model with discussion applicable to the results for both data 
bases unless otherwise noted. The primary regression technique 
employed was Linear Least Squares performed on an IBM-360 computer, 
using a program described in reference [5], LLSCF. Throughout the 
iterative search for explanatory variables, statistical significance 
was constantly balanced against the desire for a logical cause-effect 
relationship between explanatory variables and cost. 
a. Models B and C - 9 CERs 

(1) Hull Cost. As may be noted in Table XII, the single 
explanatory variable employed to predict hull cost was ENGPAY, the 
summation of engineering and payload weights. In essence, the 
variable ENGPAY represents the total light ship's weight (LSW) less 
the weight of the an CHULWGT). Although numerous other combinations 
of variables were tried - LSW, PAYWGT, ENGWGT - the most statistically 
Satisfactory epi ENGPAY, was finally selected. The choice of 
ENGPAY does have a significant basis in logic since the hull cost 
should be directly related tothe total weight of the ship's power- 
plant (ENGWGT) and the total weight of ship's armament, C&C equipment 
and outfitting (PAYLOAD). These ere the weights that the hull must 


be designed to carry. 


LA 
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(2) Propulsion Cost. Two explanatory variables, PWRLD and 
RANGE, are used te predict propulsion cost under the general data base. 
Under the escort data base, the significance of RANGE as an explanatory 
variable was sufficiently reduced so as to reguire its deletion. The 
use of these variables seems extremely logical. Both represent signi- 
ficant characteristics of the required power-plant. PWRLD, the ratio 
of maximum shaft horsepower to full displacement weight, is an indicator 
of power. RANGE of course is an indicator of endurance capability. 
Together, the required performance of a power plant is extremely well 
defined and, hopefully, the cost too. At first, these variables were 
utilized in a simple linear model: 

COST =a + b (PWRLD) + c CRANGE). 
However, in analyzing the residual plots of this model, very definite 
@vidence cf increasing variance was noted using data from both the 
general and escort bases. (See Appendix A, pages 91 and 92). 
This indication of cost increase as a power function of PWRLD and 
RANGE, predicated the following transformation: 

LN (COST) = a + b (PWRLD) + c (RANGE) or 

COST = oa + b (PWRLD) + CeeGRAN GID 
This transformation withstands the test of logic. The phenomenon 
of diminishing returns to scale has long been noted in the field of 
power-plant design. Doubling a ship's shaft horsepower will not 
double its speed. [6] As the power and endurance requirements of a 
power-plant increase, there is ample evidence to suggest that cost 
should rise at an increasingly steeper rate. It must be noted that 
this data base contains predcminantly steam power-plants. Therefore, 
this equation, and especially this transformation, is assumed to apply 


to only steam power-plants. 
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Since the cost became an exponential function of PWRLD 
and RANGE, the statistical data computed in the LLSCY program was not 
strictly comparable to the statistical data of a pure linear model. 
Horethais reason, the residual values for each observation 
were manually transformed to dollar values after which the values 
appearing in the statistical summary were manually computed. 

(3) Electrical Cost. Two variables were employed to explain 
the cost of the electrical power plant and associated equipment. The 
use of the weight of electrical equipment, ELEWGT, has strong tradi- 
tional justification. The inclusion of NO-GEN, an indicator variable 
for the number of generators (1 to 4), also has a Topewertl causal 
relationship with cost considering the positive coefficient of this 
variabie. Cost should increase with the seh ox of more electrical 
equipment (weight) or an increase in the required number of generators. 
The correlation between these two variables was sufficiently low 
eo to allow the use of both in the same CER. 

(4) Communication and Control Cost Plus Electronic End Cost. 
This CER proved once again the difficulty in estimating the cost of 
emeectronic Peanent: RMC cited numerous articles written on 
precisely this subject and proceeded to form a less than perfect CER 
Ines re The variables employed to explain these costs do have 
a basis in logic. However, statistically, these variables are not 
altogether satisfactory. Using the general data base, communication 
and control weight (C & CWGT) and the binary indicator variable for 
prototype ships (PROTO), were employed. With the escort data 
base, C & CWGT was again found significant, but PROTO was replaced 


by MS-END, another indicator variable representing the number of 
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missile launchers to be included as Jeena C & CWGT serves as 
a traditional explanatory variable, representing the amount of com- 
munication and control equipment as a bulk weight. The variable, 
PROTO, indicates an increase in cest associated with prototype ships 
and the introduction of new, more sophisticated electronic equipment. 
MS-END also appears logical. The amount of electronic equipment 
required for fire-control purposes, does in fact, increase considerably 
with an increase in the number of missile pe ee Carried by a 
een ship. Each launcher, to be independent of the other, requires 
a dedicated acquisition and fire control system, and this obviously 
increases the communication and control and electronics costs. The 
inexplicably high communication and control and electronics cost noted for 
DE-1047, made it an obvious outlier (see Appendix B, pages 98 and 99). 
Since no further informatioin could be obtained to support this high 
cost level, this ship was deleted from the data bases while developing 
tmis CER. 

(Se Auxtliamy Cost. fhe CER for auxiliaries requires the 
use of PRAXWI, a single variable consisting of the weight of auxiliary 
equipment (AUXWGT) and the weight of the propulsion plant (PROWGT). 
TaeewRMC study utilized AUXWCT and PROWGT as separate explanatory 
variables; however, the intercorrelation between the two was about 
-78. This high correlation seems reasonable since the auxiliary and pro- 
pulsion systems operate as a composite system in providing services 
to the ship. The auxiliary system draws steam and power from the propulsion 
plant and thus does not operate as a separate system. The combining of 
these two weights thus eliminates the problem of intercorrelation and 


logically explains an increase in cost as a function of both weights. 
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(6) Outfitting Cost. In developing the CER for outfitting 
cost, it was noted that two highly intercorrelated explanatory variables 
could be utilized separately to explain the cost. These variables, 
LSW and outfitting weight (OUTWGT), produced approximately the 
same statistical resuits utilizing the general data base. However, 
neither was very effective within the escort data base. LSW was 
chosen as the explanatory variable under the general data base due 
to slightly better statistical results. In the escort data base, LSW 
proved less useful than OU!WGT, although neither was statistically 
strong. ( Both variables, when used separately, display logical cost 
implications., The cost of outfitting a ship should, in essence, be 
directly proportional to the weight of outfitting material, including 
hull fittings, non-structural bulkheads, painting, workshop equipment, 
and furnishings for quarters. The use of LSW as an explanatory 
Weariable is likewise logically consistent. ) As the LSW increases, it 
follows that outfitting weight and therefore outfitting costs would 
increase. 

(7) Armament Cost Plus Weapons End Cost. This category 
@emweest is a combination of two cost items listed separately within the 
RMC data base. Armament cost in all cases provided less than ten 
percent of the total weapons costs, when Weapons End Cost was added. 
The use of one CER to predict both costs, as an aggregate, appears 
more reasonable. The explanatory variables developed from both 
data bases were armament weight (ARMWGT) and MS-END. The use 
of ARMWGT as an explanatory variable appears logical as does the use 
of the indicator variable NS-END. It is reasonable to suppose that 


armament costs would increase as a function of the weight of the 
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weapons systems and the number of missile systems installed. Within 
the development of this CER, two ships exhibited extremely high, and 
apparently unexplainable, weapons costs in comparison to the rest 

of the data base. These ships, DDG-15 and DLG-16, were identified 

as extreme outliers (see Appendix B, pages 100 &]0l)and deleted from the 
data base while developing this CER. 

(8) Design and Engineering Cost. The CER for design and 
engineering makes use of the same explanatory variables as were 
employed within the RMC study - ARMWGT and PROLSW. The significance 
of PROLSW as an explanatory variable appears valid in explaining design 
and engineering cost since this includes the cost of drawings, lofting, 
technical manuals, mock-ups and models. These costs obviously would 
be much higher fcr prototype ships and more expensive for larger 
prototypes than smailer. ‘the usage of ARMWGT is less obvious, unless 
an association is developed between armament weight and weapons system 
complexity, wherein increased armament weight could indicate a more 
complex weapons system with higher Geos and engineering costs. While 
developing the CER for this cost category under the escort data base, 
the DDG-2 proved to be a significant outlier (see Appendix B, page 102). 
since no reason could be found to support this inordinately high design 
and engineering cost, this ship was deleted from the data base while 
developing this CER. 

(9) Construction Services Cost Plus Miscellaneous End Cost. 
This category of costs includes a potpourri of odd costs attributable to 
ship construction - staging and scaffolding costs; hull, mechanical 
and electrical (HME) costs resulting from engineering changes; 


launching costs; trial costs; and drydocking costs. Three variables 


50 








=F >= 


were chosen to explain the cost of this "catch-all" category — PROLSW, 
C&CWGT and AR/LSW, the ratio of armament weight to LSW. The inclusion 
of PROLSW as an independent variable is directly associated with the 
higher cost of lead ships as discussed before. The AR/LSW ratio 
provides a measure of the relative armament weight of one ship as 
compared to another , and is therefore a measure of relative complexity. 
A ship with a higher AR/LSW ratio would require more HME change costs, 
more staging and scaffolding, thereby increasing the construction 
services cost. The same logic would apply to the use of C&CWGT since 
this weight indicates relative electronic/electrical complexity 
between ships, with the costs mentioned above increasing with 
complexity, and, of course, with an increase in antenna arrays. The 
cost for the DE-1047 under this category appeared very disproportionate 
Mepeetally since the DE-1047 was net @protetype. For this reason 
the DE-1047 was deleted from the general and escort data bases while 
developing this CER. (See Appendix B, pages 103 and 104) 
b. Models D and C ~- 4 CERS SS 

The second model represents a condensation of the original 
nine CERs of models B and C into four CERs. As may be observed in 
Table XIII, the salaries variables of models B and C to some extent, 
carry over to the explanatory relationships developed in models D and E. 

(1) Base Cost. The CER for base cost employs a single 
explanatory variable, LSW, which is the sum of engineering weight, 
payload weight, and hull weight. (ENGWGT + PAYWGT + HULWGT = LSW), 
since the base cost is a combination of hull and outfitting costs, 


the logical explanatory variables would be those developed as a resuit 
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of Models B and C. ENGPAY was used in ae hull CER, while HULWGT was 
the major variable used in predicting outfitting cost. The sum 

of these two variables, LSW, does in fact represent a statistically 
significant and logical explanatory variable. 

(2) Engineering Cost. The engineering cost represents the 
combined costs of the electrical, auxiliary, and propulsion sub-systems. 
The major explanatory variable for propulsion cost in Models B and C 
was PWRLD. Electrical cost was explained in part by ELEWGT while 
auxiliary cost was a function of only PRAXWT. When ENGWGT is defined as: 

ENGWGT = PRAXWI + ELEWGT = PROWGT + AUXWGT + ELEWGT, 
it represents the weight of the entire engineering system and as such 
Should explain the cost of the entire system. Utilized as explanatory 
variables in the same logrithmic transformation model employed before, 
both variables, PWRLD and ENGWGT, serve as extremely good indicators of 
cost. The same logrithmic transformation was employed because within 
both data bases, there were definite indications of increasing variance 
using the linear model. (See Appendix A, pages 93 and 94) Note that 
ENGWGT loses significance as an explanatory variable in the CER with 
Ene escort data base, much as RANGE lost Significance in the propulsion 
CER for Models B and C. | 

(3) Payload Ccst. The payload cost is a summation of 
armament cost, weapons end costs, C&C cost and electronics end costs. 
Thus the payload cost is merely the cost of the weapons, sensor, and 
communication & control systems of the ship. One obvious explanatory 
variable was MS-END, which was utilized in Models B and C to explain 


armament cost and C&C cost. The other explanatory variable was LSW, 
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indicating a logical relationship between the LSW and the cost of its 
payload. <A ship exists in order to support a payload of sensors and 
weapons. It is natural to assume that LSW will not be any greater than 
is necessary to support that payload. LSW should logically indicate 
the relative size of the payload and, thus, the relative cost of the 
payload. As was noted in the development of armament and C&C costs in 
Models B and C, DE-1047, DDG-15, and DLG-16 again appeared as distinct 
and obvious outliers (See Appendix B, pages 105 &106) For this reason 
they were deleted from the data base as this CER was developed. 

(4) Services Cost. The category, services cost, includes 
miscellaneous end costs, design and engineering cost, and construction 
Services cost. The variable, PROLSW, was again utilized to indicate 
the higher costs of lead ships, weighted in effect by the LSW of the 
prototype. Its use in Models B and C carries over well into this 
aggregate cost. The other explanatory variable utilized was HULWGT. 
The use of this variable is logical in that an increased hull weight 
would generally indicate an increase in LSW, which tends to support 
the idea of more services required in the construction of a large 
ship than in the construction of a small ship. 

c. Models F and C =) Crk 

The final model is an aggregation of all Basic Contract 
and End Costs into a single Total Cost equation. The three variables 
utilized in this single CER are listed in Table XIV. The explanatory 
variable ILSW is utilized twice in Models D and E, in the base and 
payload CERs. In addition, propulsion cost is determined by ENGWGT, 
and construction cost by HULWGT in the CER's of Models D and E. A 


logical aggregation of these weights would be in the form of LSW. 





TABLE XIV 


VARIABLES USED IN MODELS F AND C 


— 


MODEL D/E | VARIABLES IN RESULTANT 
COMPONENTS (ODEL D/E VARIABLES 


LSW 





Propulsion PWRLD 
TOPAL GOST ENGWGT LSW 

Payload LSW MS~END 
MS~END PROLSW 
services HULWGT 


PROLSW 





Using this fact, the only variables left from Models D and E were 

PWRLD, MS-END and FROLSW. Thus an initial attempt was made to utilize 
these variables plus LSW, in a single CER for Total Cost. \ The 

resultant regression was extremely surprising in its high statistical 
Significance. However, the variable PWRLD proved insignificant in 

the linear form. A further attempt was made to add PWRLD in an 
exponentiated form, but this again proved useless. Thus the three 

Pee bics, LSW, PROLSW and MS-END were selected as explanatory variables 
in CER's for both data bases. The logic of including LSW as an 
explanatory variable has its roots in its historical success in explaining 
costs. Larger ships cost more. The inclusion of MS-END, attributing 

an increase in cost to the addition of missile systems, is also logical. 
The cost of armament, C&C equipment, auxiliary, and electrical equip- 


ment must increase because all, to some extent, support: a missile system. 


a> 





The relatively high cost of a missile system and associated fire-control 
equipment is easily realized in comparing the cost of a missile ship 
with the cost of a non-missile ship. The variable PROLSW accomplishes 
two purposes. First it demonstrates that the cost of a prototype ship 
is more than that of a non-prototype ship. Secondly, it indicates that 
the cost of a larger oe ship is more than that of a smaller 
prototype. Both of these concepts are logical. The inability to prove 
the utility of PWRLD as an explanatory variable at this stage may be 
in part due to the relatively small difference between power-plant 
costs in the DLG-DD-DE data base. 

The problem of outliers appeared again while this CER 
was being developed (See Appendix B pages 107 & 108). Using the general 
data base two extreme outliers, DE 1047 and DLG 6, displayed inexplicably 
Meehetotal cost values and  wer@® subsequently deleted from the data 
base. Utilizing the escort data base, an additional outlier, DDG 15, 
was discovered. Therefore all three of these ships were deleted from 


mmemaata bases for this CER. 
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V. ESTIMATES OF TOTAL COST VARIANCE 


Throughout this paper, emphasis has been continually placed upon 
the development of models that determine estimates for total procure- 
ment cost. An obvious measure of each model's effectiveness consists 
of an estimation of the total cost variance associated with each model. 
Two methods are outlined in Sections A and B from which two different 
estimates for total cost variance are obtained for each model discussed 


in this paper. 


A. SUMMATION METHOD 
L. Model 
Associated with each CER is an estimate of CER variance based 
on the summation of the squared residual values of each observation 


divided by the degrees of freedom of the CER. Mathematically, for 


each CER, 
N 
E (residual)? - 
Same el ani 
Ne 
where S4 = estimated variance of each CER 
N = number of observations 
K = number of independent variables 
N-K-1l = number of degrees of freedom. 


Within this equation the term, residual, is defined as the difference 
eee 
between the observed cost and the cost predicted as a result of the 


wom. tlthere 1S a residual value for each cost observation within the 


data base, 





Since each model predicts a total cost by summing the cost 
Satimates obtained from its unique set of CERs, it would be logical 
to assume that an estimate of total cost variance would be the sum of 


the individual CER variance estimates. That is, 


s?¢ =F §2 
i=l j 
where S42 = estimated total cost variance 
Ss: = estimated variance of each CER 
iC = number of CERs in the model (1, 4 or 9). 


Adoption of this technique requires the acceptance of one important 
assumption; that each CER produces a cost Saeineee totally independent 
of every other cost estimate within the model. This assumption is 
obviously difficult to accept. Nevertheless, this method is still 

quite useful because it aliows the establishment of a lower bound on the 
cost variance estimate; that is, a value of total cost variance which 
represents the minimum total cost variance that my be attained utilizing 
that particular set of model CERs. " should there exist any positive 
level of dependence between the CERs of a model, the value of total 

cost variance must be larger than this lower bound. The dependence of 
one cost upon another may also be called covariance. Perfect inde- 
pendence is exhibited when the covariance of all costs are zero with 
respect to all other costs. For example, in Model B (using 9 CERs 


and the general data base), the hull cost must exhibit a zero 


covariance with respect to all 8 of the other costs in order for the 


2 


total cost variance to be exactly Ss 


Otherwise, if there exists any 


positive covariance between hull cost and propulsion or armament cost, 


58 





then the correct estimate of total cost variance under these conditions 
must be higher than indicated under the summation method. The 
Meescibility that a negative covariance might exist between two cost 
groups is remote. Jf this did exist, the summation method would, in 
fact, over-state the total cost variance. However, a negative 
covariance between cost group CERs would imply that as one cost 
increased, another decreased, and it is difficult to accept this type 
of interaction between the cost groups of the models studied. Thus, 
by stating that the summation method produces a lower bound on total 
cost variance, the assumption is made that only positive covariance 
exists between the various costs groups. 
mee Results 

An estimate for CER variance is automatically calculated 
within the Linear Least Squares Curve Fitting computer program 
utilized in developing each CER. Table XV lists these individual 
CER variance estimates employing the same alpha-numeric coding system 
as outlined in Section III. Note that the summation of each alphabetic 
group represents the lower bound on the total cost variance estimate 


meomcrscussed earlier. 


B. MEAN SQUARE RESIDUAL (MSR) METHOD 
1. Model 
The second method of total cost variance estimation involves 
the calculation of a total cost mean square residual value (MSR) for 


each model. The following equation represents the general method 


meriized to calculate this value: 


a7 





ESTIMATES OF TOTAL COST VARIANCE AS A SUM OF CER VARIANCES 
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N L 
MSR = [x (RESIDUAL..) ]¢ 
ie j=1 J 
N-M-L 


where N = number of ships 


M = number of variables utilized in all CERS 
of model 


L = number of CERs utilized in model 
For example, the total cost MSR for Model B (using 9 CERs and 


the general data base), employs the following parameters: 


N = 36 
iL =29 
M = 16 


Thus the MSR for Model B is found by: 


Sie 


MSK =, 2, 


) 
; Z 
i aglig [.2y (RESIDUAL, ,) ] 


Peete Is \ 
LiL ——— 


Note that by summing t he residual values produced by each 
CER for a given ship, the difference between observed and predicted 
total cost is obtained for that ship as an aggregate of the individual 
CER residual values. . When these total cost residuals are squared, 
summed for all observations (ships), and corrected for degrees of 
freedom, an estimate of variance is produced for the given model. 

Appendices F and G contain a listing, for each model, of 
the total cost residual values of each observation (ship) used in 
producing the CERs of that model. 

To accurately compare the MSR's of the three models developed 
from the general data base (B, D and F), the number of observations 


was reduced to 33 to correct for the outliers deleted in the development 
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of the various CERs. The same reasoning caused a reduction in the 
number of observations to 25 for the escort data base models (C, E 
Bod G). 

The summation method may be thought of as a lower bound 
on the total cost variance estimate. Analogously, the MSR method 
may be thought of as an upper bound on the total cost variance estimate; 
a value below which the estimate of total cost variance is expected 
to lie. Implicit within the formulation of this method is the assumption 
that each cost group observation is dependent upon every other cost 
group observation. The degree of this dependence (covariance) is 
assumed to be 1.0. It is highly unlikely that this degree of inter- 
dependence will exist between all cost group observations. However, 
this assumption allows the creation of an expected upper bound and is 
therefore useful. Its usefulness is further strengthened by the enormous 
difficulties involved in obtaining an actual estimate for the degree 
of dependence that exists between the various sub-category costs in 
a given model. If this covariance matrix were easily attainable and 
accurate, the need for upper and lower bounds in the development of 
total cost variance estimates would be eliminated. A thorough 
discussion of this problem is presented in a recent RAND study [7]. \ 

Tateesueiinelsy. the summation method rests upon the assumption 
that each observation of sub-category cost (hull cost, payload cost, 
propulsion cost, etc) is independent of all other sub-category costs 
within the particular model. For example, if total cost had been 
divided into 5 eae st Coes: then, for all N observations upon which 
CERs for these 5 subcategories will be based, each of these five 
costs must be independent. This implies 5 times N independent 


Smeeervatlons of cost. 
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The other extreme, the MSR method, requires that only the 
N observations be independent, assuming that each sub-division of 
total cost is entirely dependent on all other sub-divisions of cost. 
Neither of these methods allow an exact determination of total cost 
variance, since neither of the underlying assumptions is totally correct. 
Thus, the best estimate of total cost variance should lie between these 
two extremes. 

2. Results 

Table XVI summarizes the data used in calculating the MSR 
value for each of the six models under discussion. The bottom line of 
the table is the computed MSR value, and represents the expected 


upper bound of total cost variance as discussed earlier. 


GeeeANALYSIS OF RESULTS 
1. The Coefficient of Variation 

Table XVII is a summary of the estimates for total cost 
variance calculated using both the summation method and the MSR 
method. Therefore, the left side of Table XVII contains data pertinent 
to the lower bound (LB) on total cost variance, while the right contains 
data on the upper bound (UB). The square root of these variance 
estimates (Ss2), is the standard error of estimate (s) and is analogous 
to the standard deviation. It represents a measurement of the dispersion 
or spread that results from a less than perfect fit of the regression 
line (CER) with the data. A common use of this measure of dispersion 
is in the computation of the coefficient of variation (CV). The CV is a 
ratio comparison of the standard error of estimate (S), to the mean of 
the dependent variable, in this case total cost. Thus, the CV rep- 


resents a comparison between the expected dispersion-of total cost 
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and the average total cost of the ships in the applicable data base. 


Z 
For instance, the estimate for variance (S ) of Model B is 17.657, 
B 
using the summation method. The expected dispersion or standard 
2 
error of estimate for Model B is just the square root of S or 4.21. 
B 


The coefficient of variation (CV) for Model B is the standard error 
of estimate divided by the average total cost of all ships within 
the general data base, 11.2%. Thus the standard error of Model B 
(using the summation method)is only .112 of the average cost of ships 
in the data base. 

The summation method produces a LB on total cost variance 
and the MSR method produces an UB. Therefore, the CV calculated 
by using the total cost variance obtained through the summation 
method produces a LB on the CV for the model. The CV calculated 
by using the MSR method of variance estimation produces a UB on 
the CV for the model. The ideal Situation occurs when the UB and 
LB for the CV are relatively small (.1 or .2) and extremely close 
to one another. This would imply that the standard error of estimate 
was small when compared to the average total cost regardless of the 


method used to determine the estimate of variance. 


2.  Conelusions 
On the.basis of the criteria presented in the previous section, 
Models B and C produce discouraging CVs. The lower bounds on both 
are acceptable values; however, the upper bounds imply that the ratio 
of standard error of estimate to average cost could get as high as 
as 25.4% and 44.6% respectively. The major source of difficulty in 
these models is the fact that the data base (with outliers deleted) 


contained only 33 and 25 observations respectively. 
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TABLE XVII 


VARIANCE, STANDARD DEVIATION, AND COEFFICIENT OF 
VARIATION FOR ESTIMATES OF TOTAL COST VARIANCE 


GENERAL DATA BASE 


rr A pm mmm me eee eee ae ee Se oe 


SUMMATION ESTIMATE MSR ESTIMATE 
Ss? S CV S¢ S CV 
"MODEL B 17.697 4.21 11.2% 113.36 10.65 28.4% | 
D 16.030 4.00 Ong 7 30.08 505 14.8% 
F 19.972 4.47 11.9% 19.972 4.47 11.9% 


ESCORT DATA BASE 


SUMMATION ESTIMATE MSR ESTIMATE 





Ss? S CV S? S CV 
MODEL C 5.807 2D 8.7% 159.4 12.4 44.6% 
E 7.861 2.80 Ai Opalir, lL Da3 Sone 12aiGy 
G 12 55 3.63 Nae 55 3.63 12 


NOTE: The average total cost for use in the calculation of 


e 
qe 


VS 
TCayg 


37.42 million dollars for General Data Base with 33 ships 


27.82 million dollars for Escort Data Base with 25 ships 
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One degree of freedom is lost for each CER in the model and 
another is lost for each independent variable of each CER, therebv 
reducing the remaining degrees of freedom to 8 and 1, respectively. 
Since the sum of the total cost residuals squared is divided by these 
values to obtain an estimate of variance in the MSR method, these 
estimates remain relatively large when compared to the other models 
where degrees of freedom were higher due to the use of fewer CERs and 
fewer independent variables. 

Note that for Models F and G, the upper and lower bound on CV 
are the same. This is because Models F and G utilize only one total 
cost CER. Thus, the MSR method when applied to a model with only one 
CER produces the same variance estimate as the summation method. 

Models D and E produced fairly significant results with 
relatively low values for CV and relatively close upper and lower bounds. 
The use of Model E vice Model G is preferable since the upper and lower 
bounds for Model E are less than the CV of Model G. The choice between 
Model D and Model F is not so clear cut. The lower bound of Model D is 
less than that of Model F, but the same is not true of the upper bound. 
Here, the upper bound ie Model D exceeds that of Model F by less than 34 
The choice here would involve a guess as to whether the CV of Model D 


is nearer the upper or lower bound. 
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VI. ADREICATION — SE awROL PRIGATE 


The basic objective of this paper is to present procurement cost 
estimating models that provide relatively precise total cost estimates 
through which cost-effectiveness (or budgetary). decisions might be made. 
Given a specific set of input parameters for a current ship construction 
mroyect, a total procurement cost estimate can be generated using each of 
the models discussed earlier. A comparison of these model estimates with 
the currently accepted project estimate will provide a degree of validity 
to the approach adopted. The current ship construction project selected as 
a test case was the PATROL FRIGATE (PF) project. The Project Manager's 
office provided both the parametric input data and the current cost’ 


estimates necessary to make this comparison. 


A. MODEL ESTIMATES 
ieeeearametric Input Data 
The necessary input data are listed in Table XVIII, with the 
Source of the data specified by each value. These data represent the 
most current information available concerning weight allocation and ships' 
Cnaracteristics for the PF. 
@eeelotal Cost Estimates 
The parametric input data were substituted into the CERs of 
each model and aggregated according to the model structure. Since the 
PF is designed as an escort vessel and has the displacement necessary 
to be included within this category, all six models were applicable 


(3 models from the general destroyer data base, and 3 models from the 


escort data base). Therefore, six total cost figures in FY 65 dollars 
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CHARACTERISTIC 
Hull Weight 
Propulsion Weight 
Eleetrical Weight 
C&C Weight 
Auxiliary Weight 
Outfitting Weight 
Armament Weight 
LSW 

Full Displacement 
ENGPAY. 

PRAXWTE 

ENGWGT 

AR/LSW 

ENDURANCE RANGE 
MAXIMUM SHP 
MS-END 

NO-GEN 

PROTO 


PWRLD 


TABLE XVIII 


PATROL FRIGATE INPUT DATA 


VALUE 





232 
Tage 
160 

87 
358 
264 

96 

2451 


3400 


) 
1 


Lee 


UNITS 
Long Tons 
Long Tons 
Long Tons 
Long Tons 
Long Tons 
Long Tons 
Long Tons 
Long Tons 
Long Tons 
Long Tons 
Long tons 
Long Tons 
Leneg—fors- 
Nautical Miles 


HP 


SHP/Long Ton 


“See Appendix H, Data Base (U) (CONFIDENTIAL document; 
published separately) 
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NAVSHUIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
CALCULATED 
CALGULATED 
CALCULATED 
CALCULALED 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 
NAVSHIPS 


CALCULATED 


TABLE Ae 


COST ESTIMATES OF PAPROL FRIGATE -— MODEL B&B THROUGH D 


(S°Mitlions FY -65) 


Hull 

Peepulsion 

Prectrical 

teeet Electronics End 
Auxiliary 

Suttitting 

Armament + Weapons End 
Design and Engineering 
Construction Services + Misc. 
Gas Turbine Adjustment 
Sub Total 

me, Profit 


End 


TOTAL 


Base 

Engineering 

Payload 

services 

Gas Turbine Adjustment 
Bub Total 

foes rofit 


TOTAL 

CER 

Gas Turbine Adjustment 
sup Total 

10% Profit 


TOTAL 


| 


1 1 


ee ee a 
WO CO =) Ow Ure Lomo 


I 


Nery! S10)2 
3.6700 
dye youl 
Ze /o3 
eo 6 
1.3814 
ee eS 
3.3342 
5.4649 
ie VO0 
31.4138 


3.1414 


Sooo 


3.3502 
6.1000 
13.1046 
MO. PS 
1.7000 
35.0323 


Rosse 


logs ope 


39,1625 

1.7000 
40.8825 
4.0883 
HT UG 


[Spe 24 1 


! 


1 ot 4 


qaeg990909090 
WONKDUOEWNE 


i 


394 
6200 
By ys 10) 
0062 
OS i8: 
-4466 
ES 
52260 
3468 

» /500 
- 4509 

0439 


W 
CO Or On Ft SO et Fe es 


4824 


Uo 
Lo 


322910 
6. 4200 
Lees 650 
0.2620 

Py Si O™ 

6.3066 
_3.6307 


3933s 


35.1828 
1.7500 
36.9328 
3.6933 


40.6261 





were produced and are presented in Table XIX. Note that a contractor profit 
mere of 104 of total cost has been added to each model result. This 
was done to make the model estimates comparable to the estimate supplied by 
NAVSHIPS wherein 10% profit has been evened. As discussed earlier, 
the models developed in this paper do not account for profit in any 
way since one data base developed by RMC supposedly contained no profit 
dollars in any category. 

/ The PF is to be powered by gas turbine engines. The data base from 
which these models were developed contains mainly steam powered ships 
(two ships have diesel engines). For this reason, it was not expected that 
the CERs for propulsion cost B~2 and C-2) or the CERs for engineering 
cost (D-2 and E-2) would produce reliable estimates. The Naval Ship 
Engineering Center (NAVSEC) estimates the cost of gas turbine propulsion 
feresehne PF to be cquivalent to 5.3/ million FY65 dollars. The pe erare of 
CER B-2 was 3.670 million FY65 dollars and that of CER C-2 was 3.620 million 
FY65 dollars. The difference between these two estimates and the NAVSEC 
estimate for gas turbine cost was added to each model as a GAS TURBINE 


ADJUSTMENT to compensate for the use of gas turbine engines. 


B. MAVSHIPS ESTIMATES 
Peeebasic Contract, Cost 
The current NAVSHIPS estimate for the Patrol Frigate basic 
memecact cost is 35.1 million FY/4 dollars. 
2. Ind Costs 
The data supplied by NAVSHIPS as end cost estimates in FY73 
dollars represent lead ship end costs except for the NAVORD estimate 
for weapons cost. The NAVORD weapons cost estimate for the lead 


ship included a phenomenal amount of research and development cost 
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associated with the proposed PF weapons suite. The data base upon 
which the models were developed did not include any research and 
development costs. To eliminate this problem, the figure for weapons 
end cost is based on follow-on estimates of the weapons cost rather 
than lead ship weapons cost. Table XX lists the end cost estimates 
compiled by NAVSHIPS from cognizant project offices. 
3. Total Procurement Cost 

The total procurement cost of the lead PF is merely the 
Sammation of basic contract cost and end costs. Since basic contract 
cost was given in FY74 dollars and end costs in FY73 dollars, the end 


cost data was escalated by 4.0% to account for inflation during the 


ee é 
a < tl 
ne 


year 1973-1974. The 4.0% annual inflation rate represents the average 
inflation rate for the years 1969-1972 as given in the Department of 
Commerce, Survey of Cnrrent Business, and is applicable to government 
purchases of durable goods. 


Thus, the total procurement cost of the lead PF is: 


BASIC GONTRACT COs 55... 0C 

END Costs ZO] 

TOEAL COSE 50-067 9(S mil litens . Eve 74) 
on COMPARISON OF ESTIMATES 


1. Estimates 
Table X*I lists the total cost estimates of the PF based on 
the models prcsented in this paper and also the estimate provided by 
NAVSHIPS. Note that the estimates are listed in both FY65 dollars 
Pmae'y/4 dollars. The deflator utilized in this transformation, 1.380, 
was based on information from the Department of Commerce, Survey of Current 


Business [8]. The deflator was extrapolated from 1972 to 1974 using a 4.02 
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TABLE XX 


PAPROL FRIGATE END COST LPEMS 
Cini sive spelen) 


eCot ITEM COST bAS TS 
Design Changes 6 Of Legamontp Construction Cost 
Construction Changes % of Lead Ship Construction Cost 


Govt. Engineering Support DD 963 Estimate 


NAVSEC Electronics SEC 6271 Estimate 

NAVSHIPS Sonar PMS 378 Estimate 

H/M/E Equipment Preliminary Equipment List 
NAVORD Cost NAVORD Estimate 

NAVELEX Cost NAVSEC 6179 Info 


itegease by 4.02 inflation [8] for FY 74 dollars 


is 


COST 


on 


Jae 


Za 


C00 


500 


00 
. 188 
26 
- 400 
Oo 


0.695 
e 661 


- 906 





TABLE XXI 
PALROL PRUGIIE TONAL COs. BStImAT iS 


ESTIMATE SOURCE 
NAVSHIPS (Adjusted for 


FY 65 (Mil) SFY 74 (Mil) 





*Discussed in Section VII, Conclusions 
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Ena Costs) Ss yd Dio wor, 

Model B (34.56 47.69 
Model C Soule: 46.20 
Model D coon Dee alle. 
Model E 39.94 So Ws 
Model F 44.97 62.06 
Model G 40.63 Do.07 
Gakuc Model 25.5 49.04 





annual rate of inflation which represents the average annual inflation rate 


for the years 1969 to 1971. It must be noted that the use of a 4.02 rate 


meemerely an estimate of future inflation based on historical data 


and is therefore subject to uncertainty. 


2. Discussion of Results 


On the assumption that the NAVSHIPS estimate contained within 


this paper represents the "best" estimate now available, the following 


conclusions may be drawn concerning the results of Models B-G. 


(a) The estimates produced by Madels B and C, are 11.0 and 


(b) 


12.5 million FY74 dollars low and therefore do not compare 

at all with the NAVSHIPS estimate. This is not unexpected 
since these models produced extremely high ranges of 

expected variance as noted in detail within Section V. 

A comparison between these estimates and those of Models D and 
E indicates major differences in the area of payload 
(communication & control, electronics, weapons) and in 

the services category (design and engineering, construction 
services, and miscellaneous end costs). The possible cause of 
these differences are discussed in Section VII, Conclusions. 
The Be einaves of Models D, E, F, and G were all within 

5.5 million FY 74 dollars of the NAVSHIPS estimate. Three of 
these estimates were within 3.5 million FY/4 dollars of the 


NAVSHIPS estimate. This is obviously encouraging. 


In summary, four of the six models developed within this study 


produced estimates within 5.5 million FY 74 dollars of the NAVSHIPS 


estimate and are therefore considered very comparable to the current 


NAVSHIPS total cost estimate. The two 9-CER Models (B and C) are 









not in any way comparable and therefore require further development. 


A direction for this development is suggested in Section VII. 
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VIL. CONCLUSIONS AND RECOMMENDATIONS YOR FURTHER RESEARCH 


rer ne ne nr nm ee 6 ee A ee 5 a nr tr i ae 


A. MODELS B AND C 
Models B and C utilized 9 CERs to predict 9 cost group estimates. 
Model B was developed from the general destroyer base of 36 ships, while 
Model C was developed from the escort data base of 27 ships which 
excluded DLG type ships. Both data bases included all end cost 
categories as aggregates within one of the original 9 cost groups. 
EWSapons end cost was added to armament cost, miscellaneous end cost was 
added to the constructicn services cost, and electronics end cost was 
added to communication and control Goat. \Asonotedsin section V,ethe 
overall performance of these models in predicting total ship cost as 
a summation of the 9 cost group estimates was discouraging due to the 
‘extremely high upper bound on the total cost variance estimate ($7) 
for both models. The measure of effectiveness utilized was the coeffi- 
Creme Gf Variation (CV), wherein the standard error of estimate (S) was 
compared to the average total cost of the ships within Ge model's 
date base. Model B produced a CV that couid range from 11.2% to 28.4% 
Meee race total cost (37.42 millions). Model C exhibited a CV that 
could be as low as 8.74 or as high as 44.6% of average total cost 
(27.82 millions). As observed in Section V, this problem arose because 
an attempt was made to develop tco many CERs (with too many independent 
variables), from a data base that was too small to retain sufficient 
degrees of freedom to make the results statistically sound. Two 


recommendations stem from this observation. First, the 9 CER model 


Should not be discounted. Further effort, with larger data bases, 
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could produce better results. Secondly, in enlarging the data base, 
efforts should also be made to update the present data base, and recheck 
the adjustments made by RMC to the present data base. The new data 
base, as well as the old, should include final cost data vice the 


contractor bid data utilized in this paper. 


feeeiODELS D, E, F, AND G 

Models D and E both employed 4 CERs to predict 4 cost group estimates. 
Models F and G utilized a single equation to predict total procurement 
cost. Models D and F were developed from the general data base, while 
Models E and G were developed from the escort data base. The 4 CERs 
of Models D and E represented aggregates of 2 or more cost groups from 
the 9 CER models. Models F and G were obviously the aggregates of 9 cost 
groups. 

Both models utilizing 4 CERs proved statistically significant as 
estimators of total cost. Model D produced a CV of between 10.72 and 
14.8%; Model E exhibited a CV that could vary between 10.1% and 12.62. 
Both of these ranges of CV values are considered acceptable. 

The single CER models produced a single point estimate of CV as 
discussed in Section V. The CV for Model F is 11.9% of average total 
cost. A CV of 12.7% was found for Model G. These values are also 
considered acceptable. 

On this basis, the judgment was made that Models D, E, F, and G 
produced estimates of total cost that should be very acceptable in 
cost-effectiveness analysis. The nature of cost-effectiveness studies 
does not require an extremely precise estimation of total cost. The 
CV values above indicate that these models will produce reasonably 
lose estimates; i. e., “ball park" estimates, that might be used to 
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compare alternative design options. The precision of these models 
does not suggest their use as tocls in any but the most rudimentary 


budgetary process wherein crude estimates are all that are available. 


Oe APPLICATION OF MODEES — PF 

Within Section VI, these six models were utilized to predict total 
ship cost based on current parametric input data for the Patrol Frigate. 
A comparison of the six model estimates to the current NAVSHIPS cost 
estimate produced the same general conclusions as noted in paragraphs 
A and B. Models B and C produced estimates 11.0 and 12.5 million dollars 
below the NAVSHIPS estimate, while the remaining four model estimates 
were within 5.5 million dollars. Three of these four estimates were 
within 3.5 million dollars of the NAVSHIPS estimate. 

These facts alone prove only that four of the model estimates are 
very comparable to the NAVSHIPS estimate. In light of the conclusions 
drawn in paragraphs A and B, the apparently inferior estimates of 
Models 8B and C are not surprising. However, it must be stressed that 
these estimates are being compared to the NAVSHIPS estimate, not a 
final cost. This comparison does not in any way represent a comparison 


of model estimates £6 an actual Opsierved total cost. 
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D. COMPARISON OF MODELS TO THE RMC MODEL 

Using the nine CERs of the RMC model as presented in Sections 
Hand 11, the basic contract cost)of the PF was estimated as 16.78 
me lion FY65 dollars. This cost includes 5.37 million FY65 dollars, 
the gas turbine propulsion cost estimate from NAVSEC, which replaces 
SeReo2e Applying a 10Z profit factor and inflating to 1974 dollars, 
this estimate becomes 25.47 million dollars. Summing basic contract 
cost with the 23.567 million dollars end cost estimate of NAVSHIPS, the 
RMC estimate becomes 49.04 million FY 74 dollars. 

The RMC estimate is therefore more than 9.7 million dollars below 
the NAVSHIPS estimate and 2.8 million above the Model C estimate 
which was the furthest from the NAVSIIPS estimate. Although this 
fact alone is not conclusive evidence that Models B through G are 


1 


han the RMC model, they are at least coinparable to the RMC 


(As 


better 
model. In addition, Modeis B through G provide a means of estimating 

basic contract cost and end costs simultaneously. The RNC model 

placed little emphasis on the area of end cost prediction. Using these 
models, the RMC concept has been extended to apply to total ship cost esti- 
Mation rather than maintaining emphasis on estimation of basic contract 
Gea. Ihe results of ae extension, Models B through G, produce 


estimates which are at the very least comparable to the RMC estimate. 








E. CERs REQUIRING FURTHER DEVELOPMENT 

Table XXII lists#@erSewhten. due to their poor Statistical 
quality, require further development. Each CER within this list, 
except B-7 and C-7, exhibits either a relatively high CV value and/or 
a low R* value. A high CV value indicates a relatively large standard 
error of estimate in comparison with the average observed cost of the 
particular cost group. This means that the regression equation 
(CER) developed for that cost group fails to explain a significant 
amount of observed variance when compared to the cost group mean value 
by means of the CV. R* measures the PLODOreLON Of VYaraationm in the 
actual cost observations that is explained by the cost group CER. A 
low value of R* indicates that the CER has explained only a small portion 
of the actual variation of the cost data. Normally this is due to the 
use een incorrect model form for the CER or an inappropriate selection 
of independent variables for use in the CER. 

Note that all of the cost group CERs listed, with the exception 
of B-8 and C-8, contain an end cost group aggregated with a base cost 
group. In the beginning of the study it was noted that the end costs 
in the RMC data bees ecivibsioad extremely large ranges of values 


Giemi! lion dollars): 


HIGH LOW 
MISCELLANEOUS END COST sie oul lhe: 08, 
WEAPONS END COST 39.20 0.18 
EEEC ETRONICS ENDS CGoL 21°.36 Opera 


Si. 





~ 


TABLE XXAITL 


CERE= Olen O01 obalistical Gualiey 


COST GROUP | CV R? 

B4 Communication & Control + Electronics End ghee roy 
C4 ‘ 6 Ales: 
B7 Armament + Weapons End sae 90 
C7 os ng ‘95 
B8 Design & Engineering .86 WES 
C8 " 48 a 
B9 Construction Services + Miscellaneous End ne ,O5 
eo _ One 
D4 Services = Design & Fngineering + Construction 

Services + Miscellaneous End a9 3 
EA I | Sere 


These CERs were not included because of poor statistical quality. 


peemuene discussion in section §&.2. 
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To reduce the effects of this large range of values, end costs were 
added to the appropriate cost group of the nine basic cost categories. 
Since the main thrust of the study is to develop models by which total 
procurement cost may be estimated, this consolidation appeared quite 
logical. As Table XXII indicates, this large range of end cost data 
has not been fully accounted for by the CERs developed. 

1. Communication and Control Cost Plus Electronics End Cost (B4/C4) 

These CERs produced relatively high CV values, using C&C weight 
and the number of missile launchers as independent variables. One 
method by which a better CER might be developed requires the use of 
performance/capability indices. For instance, one index might consist 
of the number of missile fire control systems plus the number of air 
and surface search radars carried by each ship. Using this type 
index as an explanatory variable will obviously require more information 
than was given in the RMC data base, but might prove worth the effort. 

2. Armament Cost Plus Weapons End Cost (B7/C7) 

As may be observed in Table XXII, the only difficulty with 
these CERs occurs in the slightly high CV value of B7. These were 
listed primarily to note the possible extension of the performance/ 
capability indices anes in producing better CERs. In the area of 
weapons, an index might be formed wherein a missile system was weighted 
according to its maximum range and then used as an independent variable 
in the development of a new CER. 

3. Design and Engineering Cost (B8/C8) 

These were probably the most difficult CERs to develop, and 

are certainly by no means statistically perfect. Armament weight 


and a weighted prototype variable were used within these CERs as 
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explanatory variables. Although numerous model forms and other 
variables were tried, none were more significant than the results listed 
im table XXII. The extremely high CV values. for both CERs and the 
low R* value for C8 testify to the poor degree of fit obtained by using 
the variables now available in the data base. This is one area in which 
more basic research must be accomplished before another approach 
can be developed. 
4. Construction Services Cost Plus Miscellaneous End Cost (B9/C9) 

These CERs produced relatively high values for CV. The 
explanatory variables utilized (AR/LSW and PROLSW) were not the 
most logical choices available. However, considering the fact that 
this cost group includes a potpourri of odd costs with cost components 
varying from ship to ship, and exhibits a large range of cost observa- 
tions, it is not odd that explanatory variables were difficult to isolate. 
Like B8/C8, this area of cost requires a great deal more study: before 
better CERs can be developed. 

pe oervices Cost (D4/E4) 

The cost groups related to these CERs consist of the summation 
of B8/C8 and B9/C9 which were discussed above. The problems found 
in developing the CERs D4/E4 were essentially those found in the 
disaggregated CERs of B8/C8 and B9/C9. The aggregation of B8/C8 


with B9/C9 did not reduce the difficulty significantly. 





F. DATA BASE DIFFERENCES 

The models presented in this study are of three types. One 
utilizes 9 cost-group CERs, the second employs 4 cost-group CERs 
and the third uses only one CER to estimate total procurement cost. 
However, each of these models was developed using two different 
data bases to determine if the exclusion of DLG type ships from the 
escort data base proved significant in estimating the total cost for a 
non-DLG type destroyer or escort. 

The results are inconclusive. Using the total cost CV for each 
model as discussed in Section V, no clear evidence exists to support 
the hypothesis that DLG type ships should be exluded from the data 
base, so that escort models might be utilized to predict the total cost 
of non~DLG type ships more accurately. The CV values for each model 
are summarized, as follows: 


LOWER BOUND UPPER BOUND 
DATA BASE ON CV ON CV 


9 Cost Group B General nS 27 Zoe ah 
~ Models G. ESCGrt Ore 44.62% 
4 Cost Group D General O77, IL 8A 
Models E Escort NOR IL 2 Leys 
Single Cost F General Ihde Se 
Group Model G_ Escort Ly 


Of the 9-cost group models, Model B seems to be the preferable model 
due to the potentially high CV of Model C. In the 4-cost group models, 
Model E has a smaller range of CV values than Model D, but only by 
less than 2%. In the single-cost group models, wherein only a point 
estimate of CV was computed, Model G produced the best CV value, but 
only by about 1%. Therefore,!this measure of effectiveness does not 
Support the hypothesis that the use of an escort data base will produce 


better estimates of escort ship cost. 
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G. ADDITIONAL RECOMMENDATIONS 

As noted within Section V, the establishment of upper and lower 
bounds on total cost variance estimates (and also CV values) was 
necessary because no firm method was immediately available through 
Otten a true determination of cost-group interdependence might be 
gained. To arrive at a total cost estimate, 9 cost-group estimates 
must be summed in Models B and C, and 4 cost group estimates must 
be summed in Models D and E. The establishment of a lower bound on 
total cost variance relied upon an assumption of total independence of 
all cost-groups estimates. Conversely, ane upper bound was set 
under the assumption that each cost group was dependent upon every 
other cost group at a covariance level of 1.0, implying complete depen- 
dence. Neither extreme is true. However, the task of actually computing 
the degree to which each cost-group varied with respect to every other 
cost group involves the determination of an entire covariance matrix 
by estimation techniques that require more data than is available in 
the general or escort data bases. (See reference [7] for one method 
of covariance matrix estimation). For this reason, no such technique 
could be employed witha this study. This is an area in which further 
effort would prove profitable. The determination of an estimated 
covariance matrix would ultimately allow a more precise estimation 
of aggregated total cost variance and thus place a higher degree of 
reliability upon the total cost estimate. 

The problem of outliers arose a number of times during the develop- 
ment of individual model CERs. When this problem occurred, the outlier 


was merely deleted from the data base for that particular CER. A 
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better method of handling outliers would involve an investigation to 
determined whether the large cost was due to an error in transcribing/ 
transforming the data or whether the cost figure was truly valid. If 
the cost data was found to be correct, further research should be 
attempted in order to reveal why the outlier exhibited a substantially 
higher cost than similar ships. Unless a reason was found which indicated 
the occurrence of an abnormal situation, the outlier should be retained 
within the data base. Due to time constraints this was not a feasible 
alternative for the treatment of outliers within this study. However, 
any further effort in this area should include a thorough investigation 
of the outliers found within this data base or in future data bases. 
This investigation may reveal valuable insight into problems which to 
this point have not been satisfactorily explained. Until the problem 
of outliers canbe resolved, it is possible that actual cost of a 
Specific group of ships could greatly exceed the cost predicted by the 


models. 


_—— 


, further recommendation is necessary. The ships found in the 
data base of this study are predominantly constructed of steel and 
powered by steam. For this reason, the models developed in this 
study are applicable toonly steam powered, steel-hulled ships. The 
use of these models in predicting the propulsion, electrical, or 
auxiliary costs of a ship to be powered by gas turbine engines is not 
recommended. Nor would it be advisable to predict hull, design and 
engineering, or construction services costs for ships which will 
utilize aluminum hulls. The models developed in this study are not 
meant tobe extrapolated in this manner. They were developed using 
a technique which relies upon historical data and do not propose to 


explain future procurement costs unless the future design is not a 


8/ 


radical departure from the past. This does not imply that the same 
parameters might not explain the cost of future ships. ~It merely 
cautions against the use of these models without a thorough under- 


standing of their applicability. ) 
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PPPENDIX A RESIDUAL VERSUS YLITED COST PUOTS FOR CERVIeEL ES 
REQUIRING LOGARITHMIC TRANSFORMATION 

Four CER models (B2/C2 - Propulsion Cost and D2/E2 - Engineering 
Cost) demonstrated increasing variance as a function of increasing 
cost as shown in the plots of residuals versus fitted cost in this 
appendix. This problem was corrected by taking the natural logarithm 
of cost as the dependent variable in the regression analysis as 
suggested in Ref. [5]. The untransformed CERs are listed, and may be 


compared with the appropriate transformed CER in Tables VI - IX. 
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PEP ENDLA B: 


CUMULATT VESDISTRIBUELON OF KESTIDUAL PLOIS USED IN 


OUTLIER IDEN! LFICATION 


Analysis of the cumulative distribution of residual plots served 


Bomidentify thestolfowine “sutliers' (data points falling significantly 


out of the range of the rest of the data base): 


CER 
CODE 


B-4 


Cay) 
C-8 


oy) 


C-9 


COST CATEGORY 
Communication & Control 
Communication & Control 
Armament Plus Weapons End 
Armament Plus Weapons End 
Design and Engineering 


Construction Services plus 
Miscellaneous End 


Construction Services plus 
Miscellaneous End 


Payload 
Payload 
Total Cost 


Tepal Cost 


OUTLIERS IDENTIFIED 


DE-1047 
DE-1047 
DDG-15, DLG-16 
oDC=a5 


DDG-2 


DE-1047, DLG-6 


DE-1047 

DE-1047, DDG-15, DLG-16 
DE-1047, DDG-15 
DE-1047, DDG-2, DDG-15 


DE=104 / ae De=GaenDC=15 


For comparison purposes, the CERs with outliers included are shown for 


these categories. These values may be compared with the CERs without 


the identified outliers, as listed in Tables VI - XI. 
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AP ENDL Xx oC 


DESCRIPTION OF SHIP'S CHARACTERISTICS USED AS EXPLANATORY VARIABLES IN 


{C REPORT CR-058 
Gaaracteristic 


1. Light Ship Weight 


2. Full Displacement 


3. Hull Weight 
4, Propulsion Weight 
5. Electrical Weight 


6. Communication and 
and Control Weight 


7. Auxiliary Weight 
8, Outfitting Weight 
9. Armament Weight 
10. Length Overall 


11. Length Between 


Perpendiculars 
12. Beam 
ieee Depth 
ie Draft 


15. Complement 


Symbol 


LSW 


FLDISD 


HULWGT 
PROWGT 


ELEWGT 


C&CWGT 
AUXWGT 
OUTWGT 
ARMWGT 


LOA 


LBP 
BEAM 


DEPT 


DRAFT 


Units 


Long 


long 


long 
long 


long 


long 
long 
long 
long 


reet 


feet 
feet 


Feet 


£eCE 


tons 


tons 


EOms 


tons 


tons 


EONRS 


tons 


tons 


tons 


integer 


109 


Deri ton 


Weight of ship complete 
Webieis Ltens solmouth: tl. 
equipment, and machinery 

but excluding cargo, 

Stores, crew, ete. Includes 
lead ballast for surface ships 
but not for submarines. 


Light ship weight plus 
cargo, crew, ammunition, 
ddirecraki, fuel. etc. 


These are the weights of 
the seven groups as des- 
cribed in the Bureau of 
Ships Consolidated index 
of Drawings, Materials, 
avid | ey ECComae bed 8) 
Construction Conversion. 


Maximum width amidships. 


Distance from bottom to 
highest complete deck, 
amidships. 


Maximum depth of keel. 
For subs, this applies 
Eo full-load surface 
operation. 


Milewance fOr al Ol ri cers 
2a Men On DOara. 





HO. 


ae 


iteye 


9. 


20. 


215 


Pie 


joe 


24. 


Zoe 


Characteristic 
Combined Arma-~ 
ment Electric & 
C+C Weights 


Nuclear 


Maximum Shaft 
Horsepower 


Maximum Speed 


Range 
Number of 
Missiles 


Number of 
Torpedoes 


Cargo Capacity 


Maximum Boom 
Capacity 


Semmes Variable 


Symbol 


A+C+EW 
NUC 


MAXSHP 


MAXSPD 


RANGE 


MISSL 


TORP 


CARCAP 


MXBOOM 


SERIES 


Units 


Long tons 


Mireger 


knots 


nautical 
miles 
Inte sey 
integer 


tons 


long tons 


integer 


110 


Definition 


sum of three weight groups. 


1 = nuclear; zero otherwise. 


C= 





Total power that can be applied 
continuously to the shafts 
under designed operating 
conditions. For subs this 
applies to surface operation. 


Speed at full power shaft 
horsepower. For subs, sub- 
merged speed. 


Number of Jaunchers or missile 
launching tubes. 


Number of torpedo tubes. 


Total cargo dead weight, fully 
loaded. 


Capacity of most powerful 
equipment for lifting or 
handling cargo. 


A number that represents the 
position of a ship in a series 
of similar ships. For 
example, DD 936 to DDG 30 have 
the: same basic design except 
for missiles and constitute 

a series of 39 similar ships. 
DD 936 would be assigned 
series number 1 and DDG 30 
would be assigned series 
number 39, 





26. 


ade 


2% 
29. 


30. 


ous 


2. 


25) 


34. 


o". 


BO. 


syle 


38. 


Bor. 


40. 


ee, 


Characteristic 
Sub Duiamy 


DE or DEG 
Dummy 


Prototype Dummy 


Number of Screws 


Number of 
Engines 


Number of 
Cenerators 


Power Loading 
Faccor 


Block 
Coefficient 


Subic No. 


Leneth-to-Beam 
Ratio 


speed-to-Length 
Ratio 


Propulsion Type 


Award Date 


Generator 
Capacity 


Propulsion and 


Auxiliary Weight 


Communication 
ard “Con ero | 
Weight Squared 


symbol 


SUB 


DEDEG 
PROTO 


SCREWS 


ENG 


GEN 


P'WRLD 


BLOCK 


CUBIC 


L/B 


o/ 


eal es Ge 


AWARD 


TKWCPY 


P+AWGT 


CCWTSQ 


Units 


integer 


interger 
integer 


integer 


integer 


integer 


integer 


years 


kilowatts 


long tons 


long tons 


Spiga 


Nein tion 


l = submarine; zero otherwise. 
1 = DE or DEG; zero otherwise. 
1 = prototype; zero otherwise. 


Number Of screams or shafts. 


Number of ship service 
generators. 


Ratio of maximum shaft horse- 
power to full displacement. 


Ratio of volume of displace- 
ment to the product of LBP, 
BEAM, DRAFT; volume of 
displacement = 35 x FULDIS. 


Product of LBP, maximum 
beam and depth, divided by 
LGO: 


Retao or LBP to) BEAM: 


Ratio of maximum speed to 
Square root of LBP. 
l = steam; 2 = diesel. 
Last two digits of the year 


ineweaech the centract was 
awarded. 


Total maximum output of all 
generators. 


Propulsion weight plus 
auxiliary weight. 


Square of communication and 
control weight. 





42. 


43. 


44, 


45. 


46. 


47. 


48. 


49. 


pO 


Chanacteaice tic 


Prototype Times 
Light Ship 
Weight 


Missile End 
Dummy 


Nuclear Times 
Propulsion 
Weight 


Armament 

Wei ght-to- 
Faght Ship 
Weight Ratio 


Double Dummy 


Communication 
end Control 
Weight-to-LSW 
Ratio 


Auxiliary 
Wei ght~-to-LsSW 
Ratio 


Hull Weight~to- 
LSW Ratio 


Ballistic 
Missile 
Repair Dummy 


symbol 


PROLSW 


MS—-END 


NUCPWT 


AR /LSW 


DOUBLE 


CC/LSW 


AX /LSW 


HL/LSW 


FBMREP 


Units 


integer 


integer 


eZ 


Definition 


For prototypes, this takes on 
the value of LSW. For non- 
prototypes, it has the value 
Zero. 


O= no launchers: 1 = a 
launcher at one end of the 
ship; 2 = a launcher at each 
end of the ship. 


For nuclear ships, this has 

the value of propulsion weight. 
For non-nuclear ships it has 
the value zero. 


Ratio of armament weight to 
light ship weight. 


If missile end dummy equals 2, 
DOUBLE equals 1; zero otherwise. 


Ratio of communication and 
Control weight to light ship 
weight. 


Ratio of auxiliary weight to 
light ship weight. 


Ratio of hull weight to light 
ship weight. 


This has the value 1 if ship 
has ballistic missile repair 
capability; zero otherwise. 





APPENDIX DN 


DESCRIPTION OF SHIP'S CHARACTERISTICS USED AS EXPLANATORY 
VARIABLES IN THESIS 


Characteristic Symbol Units Derinttion 
1) Paeat ship LSW long tons Weight of ship complete with 
Weight iS eetice Gm nOuLtit, equap— 
ment, and machinery but 
Cxetidang Gaueo, StOres, 
crew, etc. Includes lead 
ballast for surface ships 
but not for submarines. 
Zi Hull Weight HULWGT long tons 
Ot Propulsion PROWGT long tons 
Weight These are the weights of the 
seven groups as described in 
wee electrical ELEWGT long tons the Bureau of Ships Consoli- 
Weight dated Index of Drawings, 
Moise nlals , sande ceny Lacs 
or Communication C+CWGT long tons Related to Construction 
and Control Conversion. 
6. Pus li ary AUXWGT long tons 
Weight 
Te Outfitting OUTWGT long tons 
Weight 
“oi Armament ARMWGT long tons 
Weight : 
sie Complement COMP integer Allowance for all officers 
: and men on board. 
10. Maximum Shaft MAXSHP Total power that can be applied 
Horsepower continuously to the shafts 
under designed operating 
conditions. For subs this 
applies to surface operation. 
ike Range RANGE nautical 
miles 


LS 





eae 


HS 


14, 


Ls 


ILE 


IL ie 


Iss 


Ihe 


20. 


Zs 


Ag de 


CHaieteereristac 


Series 


DE or DEG 
Prototype Dummy 


Number of 
Generators 


Power Loading 
Factor 


Award Date 


Generator 
Capacity 


Propulsion and 
Auxiliary 
Weight 


ETOLotype 
Light Ship 
Weight 


Missile End 
Dummy 


Armament 
Weight-to- 
Eight Ship 
Weight Ratio 


Symbol 


SERIES 


DEDEG 
PROTO 


NO-GEN 


PWRLD 


AWARD 


TKWCPY 


PRAXWT 


PROLSW 


MS-END 


AR /LSW 


Uaais 


integer 


integer 
integer 


integer 


years 


kilowatts 


long tons 


integer 


114 


Definition 


A number that represents the 
position of a ship in a series 
of similar ships. For example, 
DD 936 to DDG 30 have the same 
basic design except for missiles 
and constitute a series of 39 
Similar ships. DD 936 would 

be assigned series number l 

and DDG 30 would be assigned 
series number 39. 


1 = DE or DEG; zero otherwise. 
1 = prototype; zero otherwise. 


Number of ship service 
PeNGEAEOLS 


Ratio of maximum shaft horse- 
power to full displacement. 


Last two digits of the year 
inewieel the Contract was 
awarded. 


Total maximum output of all 
generators. 


Propulsion weight plus 
auxiliary weight. 


For prototypes, this takes on 
the value of LSW. For non- 
prototypes, it has the value 
ZeELO. 


O = no launchers; 1 = a 
Jauncher at one end of the ship; 
2 = a launcher at each end 

of the ship. 


Ratio of armament weight to 
light ship weight. 





73. 


24. 


Cina, acteristic 
Posrnueering 


Weight 


Payload Weight 


Engine and 
Payload 
Weight 


Symbol 


ENGWGT 


PAYWGT 


ENGPAY 


Uae 


long tons 


long tons 


long tons 


Definition 


Total weight of all propulsion, 
electrical, and auxiliary 
equipment. 


Totes weiebt of all C+C, 
armament and outfitting 
equapnent . 


ENGWGT + PAYWGT 





Category 
No. 


ii 


Miscellaneous 


Eaa Cost 


Weapons 
End Cost 


Electronics 
Lind Cost 


APPENDIX E 


BASIC CONTRACT COST CATEGORIES 


Category Name 


Hull Structure 


Propulsion 


Electri1e F lant 


Communication 
AdrUr Col LLO. 


Aust diary 


Outfit and 
Furnishing 


Armament 


Design and 
Engineering 
Services 


Construction 


includes 


Shell plating and planking, logitudinal 
and transverse frames, decks, super- 
SUCLUCCULC earmOl, tc. 


Boilers and energy converters, propulsion 
units, uptakes, propulsion control 
equipment, feedwater and condensate 

SYS CeIn, Cuc. 


Electric powee, generators, power 
distribution switchboards and cables, 
lighting systems, etc. 


Navigation equipment, interior communication 
EquIpPNeNGyeradte ContLol SySteme ys radar 
systems, radio communications systems, 

SONGE SySveiicw ec tc. 


Heating, ventilating, air conditioning, 
plumbing, elevators, arresting gears, 
rudders, etc. 


Hull] fittames, nonstructural bulkheads , 
painting, equipment for work shcps, 
furnishings i¢r quarters, etc. 


Guns and gun mount, ammunition handling 
and storage systems, other weapon systems 
handling and storage systems, etc. 


Contract drawings, working drawings, 
technical manuals, lofting, mock-up and 
models, etc. 


Staging, scaffolding and cribbing, 
launchineyecwtatceecleaning Shap, 
dry docking wwete. 


END COST CATEGORIES 


Disaster costs; cost of hull, mechanical and 
electrical 


changes; post-delivery costs; etc. 


Weapons costs after contractor delivery; 
missile, ASROC systems; etc. 


El@CtErOntcS Mecosts alter contractor delivery ; 
radar, NIDS, fire control systems; etc. 


i116 





APPENDIX F 


TOTAL COST RESIDUALS ~ GENERAL DATA BASE 
(mil lions, FY Gomdollars ) 


Hull Number Model B Model D Model F 

DD 945 ~13.366 ~8.415 -6.169 
948 ~4,.565 ~1.174 reer 
950 ~5.602 -1.917 Sl all 
DDG 2 oo 4.980 ein Juicy, 
4 ~1,499 Cons Use: 

ri -1.596 eae 728) Heg2efe 

S ZeOsg ~3.809 a0 0 

10 2.236 ./65 . 296 

iz Si ee) -5.617 -3.769 

14 ~3.876 -2.405 -1.994 

18 =2.996 =e 20 - .564 

20 -3,638 ~2.511 sey 

7 -6.389 =) 2046 -4,833 

pH 1021 Soy - ./94 ~1.525 
no23 oO oH, ies sis S233 
O25 oon PES) SE) 8, 3.003 
O27 4,827 3.686 Avera 
33 ~2.536 =o -5.067 
Ose 5. 694 Sag o4 39a 


busy 





Hull Number 


1037 


1040 


1043 


1048 


DEG lL 


4 


DLG 14 


Ie) 


DLG 21 


Ze 


26 


eZ 


33 


Model 


ave 


104 


ses Boy) 


-oo0 


7/56 


Schenk 


214 


Ae) 


ne7® 


e200 


oe 


5 ky 


7 oley 


Model D 


.088 


se aio AL 


124 


-3.178 


Je Ey) 


Ss She 


-2,/00 


T2302 


=6.775 


D6 SNe 


=p 0) 


mak. SN8,5, 


Model F 


~1.483 


TLD 


2.746 


as “4/5 4 


-4,105 


AS pu 218) 


=o 7 


-~7.900 


=7/,159 


O69 


= .929 


=i0235 


A): 





APPENDIX G 


TOTAL COSTES IDUALS = ocOhe Dalya cE 
CGivllrons 1% Goro dllans) 


Hull Number Model C Model E Model F 
DD 945 4.462 -4. 611 28) Al 
948 = 565% 1.136 3.387 

950 Bri - ,191 3.397 

DDG 4 595 1.269 e323 
7 Gis 665 1.509 

9 4.631 3.701 4.110 

10 465 mye 559 

ie ~4.251 -4, 318 ~3.498 

14 =i175 -1.615 =o 

18 5 BOE 2735 - .301 

20 - .599 - .920 -1.099 

23 ~3.331 3.808 -4.558 

DE 1021 -1.532 -2.508 -1.360 
eS) LG ee Sal L349 
1025 . V4 189 1.919 
1027 1.264 1.219 seen, 
1033 3.367 -3.148 -4.780 
IONS: 1.909 3, 149 Zao 
1037 1.397 2.294 = iG 
1040 Bao 514 oor 
1043 2.780 1.978 1.085 
1048 1 Oe G55 -2.417 
DEG 1 4.626 2.397 346 
a 3,927 --t,.197 -6.050 


9 
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3. AGSTRACT 
This study presents three models by which the total procurement cost of Destroyer 

mand Destroyer Escorts may be estimated. One model utilizes 9 subsystem cost 

Mstimating relationships (CERs) to obtain a total cost estimate; the second model 


ia 4 subsystem CERs; the final model is a single total cost equation. The 


CERs were developed using the linear least squares regression technique on a data 





base of ships built from 1954-66. The CERs utilize input variables that may be 
@etermined long before actual ship construction begins. This fact, and the precision 
of the model estimates, recommend usage of these models in cost-effectiveness 
mealysis. The Patrol Frigate Project is utilized as a sample application, wherein 


model estimates compare favorably with the current NAVSHIPS cost estimates. This 
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eves uses the data base from Resource Management Corporation Report CR-058, The 
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